Abstract. The purpose of this study was to examine the influence of muscle mass/power of the lowerextremities, including asymmetry in knee extension force, on gait ability of Japanese community-dwelling elderly women. The study population comprised 30 women aged 65-89 years. The parameters examined were activities of daily living, physical performance, functional capacity, isometric muscle forces of knee extension and flexion measured by a dynamometer, and muscle mass measured by bioelectrical impedance analysis. Asymmetry in knee extension force was calculated from rate of difference between the right and the left knee extension forces. One leg balance with eyes open, 6-minute walking distance (6MD) and knee extension force decreased, while 10-m obstacle walking time and asymmetry in knee extension force increased with age. Gait ability including 6MD and 10-m obstacle walking time correlated with asymmetry in knee extension force, which also exhibited correlations with one leg balance with eyes open and knee extension force. The results of the present study indicate that on increase in asymmetry in knee extension force as well as a decrease in lower-extremity muscle force might accelerate the loss of gait ability, while the improvement of asymmetry in knee extension force might be beneficial to self-supporting life in elderly individuals.
INTRODUCTION
Physical activities including gait ability and balance function decrease with age [1] [2] [3] [4] . These decreases increase the risk of falls in daily living and make it difficult for elderly individuals to live a self-supporting life. On the other hand, many studies have reported that impairment in balance function is the main risk factor for falls in elderly individuals 5, 6) . Since falls often caused bedridden fracture, how to prevent falls is important for maintaining activities of daily living (ADL) in elderly people.
Maintenance of gait ability and balance function is very important for guaranteeing the selfsupporting daily life of elderly individuals. Recently, several studies have shown that since both lower extremity muscle power and muscle mass strongly affect gait ability, the higher the gait capacity is, the greater the muscle power of the lower extremities should be 7, 8) . Moreover, because balance function affects gait ability as well as muscle force 9) , gait ability is related to various physical abilities of the lower extremities.
A test evaluating the gait ability and balance function in elderly individuals, "A New Test of Physical Strength" has been published by the Ministry of Education, Culture, Sports, Science and Technology of Japan 10) . This test contains an estimate of gait ability, because gait ability is essential for elderly individuals to be able to live a self-supporting life. However, this test does not include estimates of lower extremity muscle force and mass.
One method of estimating the lower extremity muscle force is to use a hand-held dynamometer. In the literature, it was reported that the same method has been adopted to estimate lower extremity muscle forces, including knee extension and flexion force [11] [12] [13] , ankle plantar flexion and dorsiflexion force 14) . While a method of estimating lower extremity muscle mass has been described which uses bioelectrical impedance analysis 15) . It has been shown that both muscle force and m u s c l e q u a nt i t y d e c r e a s e w i t h a g e 2 4 ) , so maintenance of muscle force and muscle quantity is important for maintaining gait ability and balance function. In addition, the imbalance of muscle force/mass between the right and left leg may affect the gait motion and balance function, because humans' gait motion exhibits exchanges between the left and right legs.
The purposes of this study was to investigate the relation between physical capacity and gait ability in community-dwelling elderly women, and to assess the muscle force/mass including asymmetry in knee extension force and physical performance.
METHODS

Subjects
Thirty-five community-dwelling female subjects volunteered to participate in this study. They were all living a self-supporting daily life. Before examination, the subjects with lower-extremity functional disorder, including ache, affecting gait ability, and central nervous pathology affecting f u n c t i o n a l b a l a n c e w e r e e x c l u d e d b y a questionnaire survey. Five subjects were excluded by this process and, finally thirty subjects (age: 73.6 ± 5.5 years old) were recruited to participate in this study. Prior to examination, all participants were asked to provide their informed consent after explanation of the experimental content and safety of this study.
Measurements
Height and weight were measured, and body mass index (BMI) was calculated as weight (kg)/ height 2 (m). The muscle mass for each lower/upper limb and trunk were measured by bioelectrical impedance analysis (BIA) (Muscle-α ART HEVEN 9 Kyoto Japan) 15) . Measurements were performed after 5 min bed rest in the dorsal position, with the four limbs stretched out not touching the trunk. The electrodes were attached to the limbs at the center of the hands and ankle joints, radius points and heads of fibula in turn. Body composition was measured by an impedance method and then the muscle masses for the trunk and extremities were calculated. Asymmetry in the thigh muscle mass was also calculated from the right/ left thigh muscle m a s s e s a s : | A -B | / M × 1 0 0 , w i t h A a n d B representing the right and left thigh muscle masses, respectively, and M the average value of the thigh muscle mass.
Physical performance was measured according to "A New Test of Physical Strength"and included grip strengths, sit-ups, sit and reach, one leg balance with eyes open, 6MD and 10-m obstacle walking time. Abdominal muscle force, endurance of abdominal and back muscles and flexibility were m e a su r ed by t h e K r a u s-W e b er t e s t 1 7 , 1 8 ) . Abdominal muscle power was measured according to the level of getting up under the leg-stretched or bent dorsal positions 5 scores for each, giving a total of 10 scores. Endurance was assessed by measuring the time the lower extremities or the upper body could be kept raised at 25 cm from the bed in a dorsal position, and by measuring the upkeep time to bend the lower extremities or the upper body backward in a prone position for the back muscle, with a maximum of six points for each giving a maximum total of 24 points. Flexibility was assessed by two tests: 6 points for the sit and reach test and 5 points for each leg's flexibility with a maximum total of 16 points. The maximum score of the Kraus-Weber test was 50 points.
Functional balance was measured using the functional reach test, as the maximum distance that subjects could reach forward horizontally while maintaining a fixed position. Static balance ability was assessed as the time to keep the posture of one leg with eyes open, limited to 120 seconds.
Isometric muscle forces for both the upper and lower-extremities were measured using a grip strength meter (Digital hand grip meter, Takei Instruments) and a hand-held dynamometer (GT-10, OG Giken, Okayama, Japan) 11) . Knee extension and flexion forces were tested in a sitting position with the knee/hip and ankle flexed at about 90 degrees. The dynamometer was pressed to the anterior or dorsal surface of the distal tibia. To keep the subject stable, the measured thigh was firmly held in a fixed position by an assistant. Extension and flexion forces were measured in both legs three times and the maximum value was recorded. Asymmetry in knee extension force was calculated from the right and left knee extension forces as: |C-D|/M×100, where C and D represent the right and left knee extension forces, respectively, and M the average value of knee extension force.
The 6MD was measured as the distance walked at usual walking speed during 6 minutes, and the 10-m obstacle walking time as the fastest time to walk over 6 obstacles (20 cm high) placed at a distance of 2 m from each other.
ADL score was evaluated by using the number of steps daily and an ADL index comprising 12 items of daily living published by the Ministry of E d u c a t i o n , C u l t u r e , S p o r t s , S c i e n c e a n d Technology of Japan 10) . Every item was assessed by 3 points, with a maximum possible total of 36 points. The number of steps daily was measured using a pedometer and the mean value was determined.
Analysis
The statistical software Stat View, version J 5.0. was used to analyze all data. The results are expressed as mean ± standard deviation (S.D.). The difference between right/left lower extremity muscles forces were examined by the paired t-test. Pearson's correlation analysis was performed for each item. Multiple regression analysis was performed for 10 items (age, BMI, sit and reach, one leg balance with eyes open, the Kraus-Weber test, functional reach test, thigh muscle mass, asymmetry in thigh muscle mass, knee extension force, asymmetry in knee extension force) considered independent variables, and the 6MD and 10-m obstacle walking time considered dependent variables. The 10 items were selected for body composition and physical abilities including muscle force, and asymmetry in the lower extremities. Then, stepwise multiple regression analyses was performed for the same items. In all analysis, the level of significance was set at p<0.05.
RESULTS
The baseline values (mean ± Table 1 . Eighteen subjects showed stronger lower extremity muscle force on the left, and 12 subjects on the right; and knee extension and flexion forces showed significant differences between right and left leg muscle forces. Among the items of physical performance test, 6MD, one leg balance with eyes open and knee extension muscle force decreased with age, while 10-m obstacle walking time and asymmetry in knee extension force increased with age (Table 2) . On the other hand, changes with age were not recognized in the remaining items: thigh muscle mass, grip strength, sit and reach, the KrausWeber test and functional reach test.
Knee extension force exhibited a positive correlation with lower extremity muscle mass (r=0.37 p<0.05).
Correlation and multiple regression analysis between walking ability and the other variables are presented in Table 3 . The 6MD exhibited positive correlations with knee extension force (r=0.54 p<0.01) and thigh muscle mass (r=0.42 p<0.05), one leg balance with eye open (r=0.41 p<0.05) and a negative correlation with asymmetry in knee extension force (r=-0.41 p<0.05) (Fig. 1) .
F u r t h e r m o r e , 6 M D s h o w e d s i g n i f i c a n t correlations with BMI, the Kraus-Weber test, functional reach test, and knee extension force according to multiple regression analyses. Stepwise multiple regression analysis for the same eleven items revealed that 6MD correlated with age, BMI, functional reach and knee extension force. On the other hand, 10-m obstacle walking time was negatively correlated with one leg balance with eyes open (r=-0.41 p<0.05), knee extension force (r=-0.39 p<0.05) and asymmetry in knee extension force (r=0.50 p<0.01). The results of multiple regression analysis revealed no correlation between 10-m obstacle walking time and any of the other 10 items.
Finally, analysis of the relationships between 
DISCUSSION
Gait ability is very important for elderly persons to live a self-supporting life. Both lower extremity muscle mass and muscle force are essential for maintaining gait ability. The results of this study show that gait ability was positively correlated with both lower extremity muscle mass and muscle force, while asymmetry in knee extension force was negatively correlated with 6MD and positively correlated with 10-m obstacle walking time. A s y m m e t r y i n k n e e e x t e n s i o n f o r c e t h u s significantly affects gait ability. Since the 10-m obstacle walking test is used to evaluate general balance function during walking, decline of ability to perform it is probably associated with an imbalance between the right and left leg forces. These results suggest that asymmetry in knee extension force might affect not only the gait ability, but also general physical abilities including those related to activities of daily living. Generally, gait ability is associated with lower extremity muscle force, while muscle mass and capacity for balance are needed for maintaining walking posture. Although a relationship between gait ability and balance function has been recognized 9) , the relationship between asymmetry in thigh muscle mass and extension/flexion muscle force has not been investigated. In the present study, the average percentage of the asymmetry of knee extension force was 10.4%, which was much greater than we expected, and it also showed a gradual increase with age. Furthermore, it is interesting that we found a relation between asymmetry in knee extension force and gait ability.
The reasons for the occurrence of asymmetry in knee extension force might include some unilateral disorders and symptoms, so we investigated the subjects' anamnesis on disorders of the leg and e x p e r i e n c e o f f a l l i n t h e p a s t y e a r s b y a questionnaire, and excluded five subjects prior to making the measurements.
Elderly individuals often experience disuse atrophy of arm and leg muscles which decreases various physical functions and activities of daily living. Humans mainly use their dominant hand or leg for activities of daily living. Due to differences in frequency of use between the two sides, asymmetry in knee extension force might gradually increase with age. Along with the decrease in muscle force with age, elderly individuals usually use their dominant foot more frequently than the non-dominant one, and this too might accelerate the imbalance between the right and left legs.
A correlation between asymmetry in knee extension force and 10-m obstacle walking time, which reflects overall lower-extremity function and balance function, was observed in this study. Balance requires maintenance of a moving posture, since humans move in an unstable posture on two feet. In particular, decrease in ability to keep balance in elderly people will increase the risk of falls, which might result in various disorders and decrease of ADL including gait ability 9, 16) . Therefore, ability to keep balance and gait ability are important physical abilities for elderly individuals. However, we propose here that the increase in the difference between the right and left leg forces with age, irregular steps in walking, and the weakened muscle force of the supporting foot will all decrease balance function. We believe that improved bilateral balance of lower-extremity muscle force may affect the ability to keep balance and gait ability including 10-m obstacle walking.
Generally, the physical performance of elderly individuals decreases with age [1] [2] [3] [4] . The present study demonstrated that gait ability, balance function and lower extremity force decline with age. Some other studies have reported that these abilities could be enhanced by appropriate training even for the elderly individuals 16, 20, 21) . Even though difference between the right and left leg forces may increase with age 22) , it might still be improved through appropriate training. Therefore, the above results suggest that it is not only possible for elderly individuals to maintain or improve gait and balance abilities with training, but also necessary to correct the right/left leg force differences related to such abilities.
In conclusion, the present study indicates that gait ability, including 6MD and 10-m obstacle walking time, was correlated with asymmetry in knee extension force, lower-extremity muscle force and balance function. These results suggest that the improvement of asymmetry in knee extension force might be beneficial to gait ability and the prevention of falls in elderly individuals.
